Objective: Waist circumference (WC) cut-points of у102 cm and у88 cm for men and women, respectively, representing abdominal obesity have been recommended for determining obesity related co-morbidities. However, these cut-points carry the component of generalised obesity estimated by body mass index (BMI). The aim of this investigation was to determine whether abdominal obesity free of the influence of overall heaviness is associated with increased risk of hypertension in a representative sample of white and black Americans. Methods: Data (n ‫؍‬ 11 114) from the Third US National Health and Nutrition Examination Survey were used in this investigation. Standardised residual values from the linear regression of WC on BMI were used to define abdominal obesity status. The risk of hypertension associated with abdominal obesity was estimated from the logistic regression model, adjusting for age, smoking and alcohol. We also estimated the public health consequences of abdominal obesity from the population attributable fraction of hypertension.
Introduction
Although the link between abdominal adiposity and cardiovascular diseases (CVD) is well documented in the epidemiologic literature, [1] [2] [3] [4] [5] [6] [7] [8] there is no consensus on the most reliable anthropometric variable for abdominal adiposity. Ideally, the best method for determining abdominal obesity is by imaging techniques such as computerised tomography, magnetic resonance imaging or dual energy X-ray absorpti-ometry. However, these imaging methods are not practical in large-scale field epidemiology. They are laborious and expensive, and their use carries risk of radiation. Hence, there is a need to establish a relatively cheap and risk-free surrogate marker of these imaging techniques.
The two most commonly employed anthropometric surrogates for imaging techniques in determining abdominal adiposity are ratios of waistto-hip girths (WHR) and waist circumference (WC). WHR has many shortcomings, including inherent weakness as a ratio index 9, 10 and strong influence by pelvic structure. Also, WHR is an unsatisfactory measure of abdominal fat mass, especially in nonobese individuals. 11 Indeed, non-obese and obese subjects can have the same WHR values. Furthermore, the sensitivity of WHR in detecting changes in body adiposity is low because gluteal fat and subcutaneous abdominal fat can be decreased in some subjects with weight loss. 12 WC has been endorsed as the best anthropometric surrogate of abdominal adiposity. 13, 14 WC is an aggregate measurement of the actual amounts of abdominal fat accumulation and is a crucial correlate of abnormal metabolic syndromes found among obese and overweight subjects. 15 Measurement of WC is simple and requires only a flexible tape measure, furthermore, measurement error is low due to large circumference. In addition, WC is more highly correlated with visceral adipose tissue accumulation than WHR. 16 Visceral adiposity is the component of body composition that is most highly associated with many metabolic abnormalities such as hypertension, glucose intolerance, hyperinsulinaemia, hypercholesterolaemia, hypertriglyceridaemia, and high levels of low-density lipoprotein cholesterol. [17] [18] [19] [20] Indeed, many are now advocating WC as a valid anthropometric variable for health promotion and the basis for alerting those at risk of CVD. 21, 22 In a recent publication, the United States National Institute Health (NIH) expert panels recommended the WC cut-points of у102 cm and у88 cm, in men and women as values representing risks for obesityrelated comorbidities. 13 These cut-points were determined after the review of published data germane to abdominal obesity in various journals published between 1980 and 1997. However, because these recommended WC cut-points do not account for overall body heaviness, there is a need to redefine WC corresponding to abdominal obesity devoid of generalised obesity. The aims of this investigation were therefore to define abdominal obesity free of the influence of overall heaviness as determined by body mass index (BMI), and to investigate if such measure is associated with increased risk of hypertension in a representative sample of white and black Americans. We also sought to examine if abdominal obesity free of the influence of generalised obesity was associated with racial/ethnic differences in the risk of hypertension.
Materials and methods

Data source
Data from the Third US National Health and Nutrition Examination Survey (NHANES III), as provided by the National Center for Health Statistics, were used in this investigation. The sampling and measurement procedures have been described in detail by other investigators. 23, 24 Briefly, NHANES III is a multistage probability sample of non-institutionalised US population groups defined and examined in two phases between 1988 and 1994. Only subjects identified as non-Hispanic white and non-Hispanic black Americans were eligible for this investigation.
This study was further confined to 11 114 individuals aged 17-90 yeas for whom weight, height, waist, diastolic blood pressure (DBP) and systolic blood pressure (SBP) were obtained. Weight was measured at a standing position using a Toledo selfzeroing weight scale. Height was measured at an upright position with a standiometer. Waist measurement was made to the nearest 0.1 cm at the natural waist midpoint between the bottom of the rib cage and above the top of the iliac crest. In NHANES III, three blood pressure measurements were obtained from each subject using a standard mercury sphygmomanometer at a 60-second interval between inflation cuffs. The average of the three readings was utilised for this analysis. Smoking and alcohol intake were assessed by self-report. Smoking was categorised as 1 and 0, for current smokers and non-smokers, respectively. Alcohol use was graded as 1 for current drinkers and 0 for noncurrent drinkers. For this analysis, hypertension was defined as DBP у90 mm Hg, SBP у140 mm Hg or current treatment with prescribed anti-hypertension medication.
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Statistical analysis
Statistical programmes available in SPSS version 10.0 for Windows were utilised for this analysis. 26 Racial/ethnic differences for continuous and categorical variables were assessed with the Student's ttest and chi-squared statistics, respectively. The standardised residual values from the linear regression of WC on BMI were utilised to establish abdominal obesity status. Abdominal obesity was thus defined as WC larger than expected WC as predicted from BMI. 27 These predicted WC values correspond to WC adjusted for BMI.
Predicted WC values were derived from residuals obtained from linear regression of WC on BMI. 27 For white men the residuals were obtained from the equation: WC = 2.49*BMI + 31.31. The corresponding residuals for white women were obtained from WC = 2.21*BMI + 31.34. For black subjects, the residuals were obtained from WC = 2.56*BMI + 24.07 for men, and were obtained from WC = 2.11*BMI + 32.34 for women. The positive residuals represent abdominal adiposity adjusted for BMI. 27 We estimated the risk of hypertension that was associated with abdominal obesity by classifying the residuals from regression of WC on BMI. 27 Negative residual values (less than expected) were coded as 0 and positive values (greater than expected) were coded as 1, and utilised as an independent variable in the race/ethnicity and gender specific logistic regression model, adjusting for age, smoking and alcohol. Radical/ethnic differences in the risk of hypertension associated with abdominal obesity were determined by comparing blacks with whites in gender-specific logistic linear regression models adjusting for age, smoking and alcohol consumption. The prevalence of hypertension and abdominal obesity were age-adjusted by direct methods using the 1990 US population census data.
To estimate the public health consequences of abdominal obesity, we calculated the population attributable fraction percentage (PAF%) of hypertension. The population attributable fraction per cent was estimated 28 as:
where P E is the proportion of subjects who were abdominally obese, and OR is the odds ratio comparing subjects who had abdominal obesity with those who did not. Statistical adjustments were made for age, smoking and alcohol intake in the logistic regression model. PAF, sometimes called population attributable risk, is defined as the proportion of a population's disease rate that would not occur if the risk factor(s) of interest had been absent.
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Results
The basic characteristics of the study variables stratified by gender and race/ethnicity are presented in Table 1 . Overall, white men and women were older taller and tended to have lower DBP than their black counterparts. Both whites and blacks had higher levels of SBP than the clinically desirable values. Black women were heavier than white women as determined by BMI. The prevalence of hypertension was higher among black men and black women compared to their whites counterparts (P Ͻ 0.001). The prevalence of abdominal obesity was higher among black men than white men (P Ͻ 0.001). More black men and black women reported having smoked at least five cigarettes in the past week than their white counterparts (P Ͻ 0.001). Figure 1 illustrates distribution of residuals obtained from the regression of WC on BMI used in defining abdominal obesity. Subjects with residual values above the reference line of 0 are those whose waist girths are larger than expected for BMI predicted values (measured WC minus circumference predicted from BMI). Individuals with these values were defined as abdominally obese. Individuals with residuals values of 0 or less were defined as normal.
Plots from regression analysis between WC and BMI fitted by least square methods are presented for men and women in Figures 2 and 3 , respectively. As expected, there were significant positive associations between WC and BMI. Overall, the slope of the regression of WC on BMI tended to be higher in men compared to women. The R 2 for regression of WC on BMI was higher in men than women, and higher in blacks than whites. The R 2 were 0.89, 0.79, 0.84 and 0.82, for white men, white women, black men and black women, respectively.
To determine whether racial/ethnic differences in the risk of hypertension was associated with differences in abdominal obesity independent of age, smoking and alcohol consumption, dummy vari- ables were used to compare blacks with whites in gender-specific logistic regression models (Table 2) . In men and women, black race/ethnicity was associated with greater risk of hypertension relative to white, adjusting for abdominal obesity, age, smoking and alcohol consumption. The risk for hypertension due to black race/ethnicity was ෂ1.8 for men and ෂ2.7 for women. Increase in age was also associated with enhanced risk of hypertension.
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We fitted gender and race/ethnic specific logistic regression models for hypertension, adjusting for age, smoking and alcohol intake (Table 3 ). In both black men and black women, abdominal obesity was independently associated with increased risk of hypertension. Larger waist girths than expected were associated with 58% and 39% increased risk of hypertension in black men and black women, respectively, adjusting for age, smoking and alcohol intake. There was no significant association between abdominal obesity and hypertension in white men and white women. Population attributable risks of OR, odds ratio from logistic regression analysis; CI, confidence intervals; AF, attributable fraction.
Discussion
Although the literature linking abdominal obesity estimated from WC to diseases is voluminous, only few studies have accounted for the fatness carried by generalised adiposity. Thus, the lack of association of abdominal obesity to racial/ethnic differences in the risk of hypertension as reported by many investigators may be due to the lack of appropriate adjustment for generalised obesity. With the exception of Han et al 27 that investigated the association of larger than predicted WC and hip circumference with lifestyle factors, our study is the only one that we are aware of that has specifically investigated the role of abdominal obesity free from the influence of generalised adiposity as determined from regression residuals on the risk of hypertension. To our knowledge this is also the only study that has determined whether abdominal obesity defined as WC larger than expected is associated with racial/ethnic differences in risk of hypertension.
In this representative sample of American men and women, larger than expected waist girth was associated with increased risk for hypertension among black men and black women. The risks as estimated from odds ratios were approximately 58% and 39%, for black men and black women, respectively. Relative to white, black race/ethnicity was associated with 80% increased risk of hypertension, adjusting for age, smoking and alcohol intake. The corresponding value for women was 170%. The estimates of population attributable risks suggest that the risk of hypertension could be potentially reduced if waist size were reduced to expected or less than expected sizes in black men and women.
The result of this investigation shows that the slope of the regression of WC on BMI tends to be higher in men compared to women. This observation is supported by previous studies that showed the slope of total fatness determined with BMI with blood pressure was higher in men than women. 29, 30 Although the differential levels of slopes may be attributable to differences in body components at different levels of BMI for men and women, this could also suggest that the change in absolute fat mass might be less significant in the determination Journal of Human Hypertension of blood pressure change in non-obese individuals; this aspect of our findings warrants further investigation. This is the first investigation utilising NHANES III to determine the association of abdominal obesity estimated by larger than expected WC. The strength of this investigation lies on NHANES III data since the sampling scheme was representative and national in scope. The training programme and quality control measures instituted in NHANES III provide an added credibility to the data. However, some limitations must be taken into account in the interpretation of results from this study. First, bias due to survey non-response and missing values for some variables cannot be ruled out. However, previous studies of National Health and Nutrition Examination Surveys have shown little bias due to non-response. 31 Second, the validity and reliability of the measure of abdominal obesity as used in this study against imaging techniques warrants further investigation.
Conclusion
In summary, abdominal adiposity is an important, independent, and specific risk factor for hypertension in black Americans. In blacks, hypertension is a public health problem that is closely linked to abdominal adiposity. An important research challenge therefore is to determine the best method to regulate body weight under conditions of food abundance and sedentarism particularly among black Americans. 32, 33 There is a need to clarify how lifestyle habits promote large waist sizes leading to abdominal adiposity and associated CVD in the US.
